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Background: Two-dimensional strain imaging allows rapid and accurate analysis of regional
left ventricular (LV) principal strains in the longitudinal, radial, and circumferential
directions. The aim of this study was to assess the ability of subtle differences in LV
principal strains to characterize features of subclinical LV dysfunction in patients with
systemic hypertension and apparently preserved LV systolic function.
Methods: 2-dimensional echocardiographic (2DE) images of the LV were acquired in apical
4-chamber and parasternal short-axis at the basal, mid, and apical levels in 59 subjects,
including 25 healthy controls (33  4 yrs, 14 male) and 34 patients with systemic hyper-
tension (36  3 yrs, 24 male). Longitudinal (LS), circumferential (CS) and radial strains (RS)
were quantified in an 18-segment model using a novel speckle tracking system (2D Cardiac
Performance Analysis, TomTec Imaging System, Munich, Germany).
Results: In comparison with normal controls, peak LS was markedly attenuated in the
subendocardial and subepicardial regions in patients with systemic hypertension.
However, circumferential strain was reduced only in subepicardial region; radial strain was
not significantly different in the two groups. The subendocardial-to-subepicardial gradient
of circumferential deformation correlated with the radial strains in both controls and
hypertensive patients (R ¼ 0.87, p < 0.001).
Conclusions: Despite reduced longitudinal shortening, LV wall thickening in patients with
systemic hypertension remains unaltered due to relatively preserved circumferential
shortening. Characterizing the disparities in LV principal strains reveals the presence of
subclinical LV dysfunction and provides unique insights into functional adaptations that
maintain global LV ejection fraction in patients with systemic hypertension.
Copyright ª 2012, Cardiological Society of India. All rights reserved.7.
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2012, Cardiological Society of India. All rights reserved.
i n d i a n h e a r t j o u rn a l 6 5 ( 2 0 1 3 ) 4 8e5 2 491. Background consecutive cardiac cycles loops were recorded at end expira-Development of left ventricular hypertrophy (LVH) in patients
with systemic hypertension is an established risk factor for
the development of asymptomatic left ventricular (LV)
dysfunction and congestive heart failure.1 Moreover, while
conventional echocardiography can detect changes in LV
diastolic dysfunction associated with LVH, global LV systolic
function often remains preserved until late in the course of
the disease, making subtle changes in LV contractile function
difficult to interpret in the early stages.2,3
Subclinical changes in LV function can be identified by
quantifying myocardial strain, a dimensionless measurement
of deformation, expressed as a fractional or percentage
change from an object’s original dimension. Two-dimensional
(2D) speckle tracking has recently emerged as a novel echo-
cardiographic technique for rapid, offline, bedside analysis of
regional LV strains in the longitudinal, radial, and circumfer-
ential directions.1,4e6 This technique analyzes myocardial
motion by tracking natural acoustic reflections and interfer-
ence patterns seen in two-dimensional echoardiographic
images and has been validated with measurements obtained
by sonomicrometry and magnetic resonance imaging.7 The
aim of this study was to assess the ability of subtle differences
in the LV strain patterns in the longitudinal, radial and
circumferential directions to characterize features of
subclinical LV dysfunction in patients with systemic hyper-
tension and preserved LV ejection fraction (LVEF).2. Methods
2.1. Study subjects
We included 34 young consecutive patients with systemic
hypertension (36 3 yrs, 24male) and 25 age and sexmatched
healthy controls (33  4 yrs, 14 male). Patients with estab-
lished coronary artery disease, echocardiographic evidence of
either regional or global wall motion abnormalities, valvular
heart disease, diabetes mellitus and hypertrophic cardiomy-
opathy were excluded. Each study participant gave written,
informed consent.
2.2. Echocardiography
A complete 2DE was performed in all patients, using
a commercially available ultrasound transducer and equip-
ment (S4-2 probe, HD7, Philips). All acquisitions were per-
formed by the same experienced operator with the patients in
the left lateral position. Basic measurements included LV wall
thickness by M-mode and LV diameter by 2D. LV volumes and
LVEF were measured using the modified biplane Simpson
method as recommended by the American Society of Echo-
cardiography.8 To determine the timing of cardiac events,
mitral inflow and LV outflow were recorded using pulsed
Doppler echocardiography. 2DE images of the LVwere acquired
in apical 4-chamber (A4C), apical 3-chamber (A3C), apical
2-chamber (A2C) and parasternal short-axis at the basal, mid,
and apical levels with same ultrasound machine. Threetion. The frame rate was kept between 70 Hz and 100 Hz.
Longitudinal, circumferential and radial strains were quanti-
fied in an 18-segment model using a novel speckle tracking
system (2D Cardiac Performance Analysis (2D CPA), TomTec
Imaging System, Munich, Germany). LS was measured in all 3
views, A4C, A3C and A2C. Peak systolic strain was measured.
2D CPA is a speckle tracking based analysis tool that can
analyze 2D data from various ultrasound machines and is an
extension of velocity vector imaging software that has been
previously validated with sonomicrometry4,9 and magnetic
resonance imaging.1,10 2D CPA, similar to velocity vector
imaging, determines myocardial motion from a user-defined
tracing along the endocardial border. Endocardial and auto-
mated subepicardial borders are traced throughout one cardiac
cycle by successive application of a series of tracking steps.
From this motion, the myocardial velocity, longitudinal and
radial strain are calculated for both endocardial and sub-
epicardial regions along the trace. Longitudinal systolic strain
from endocardial and subepicardial regions respectively was
obtained from 6 segments and from lateral and septal wall
segments in apical 4-chamber, three and two chamber views.
Circumferential strain and radial strain were obtained from 6
segments in short-axis views of the LV. Offline analyses were
independently performed by one observer who was not
involved in image acquisition nor had knowledge of other
echocardiographic measures of LV function. The intra-
observer variabilities for endocardial longitudinal strain,
epicardial longitudinal strain, endocardial circumferential
strain and epicardial circumferential strain were found to be
10 7%, 8 7%, 11 10%, 25 22%, and 24 20%, respectively.
Also interobserver variabilities reported by us for the same
measurement were 13.6  6.3%, 12.6  7.9%, 16  15%,
26  21%, and 28  29%, respectively.11
2.3. Statistics
Continuous variables were expressed as mean  SD. The
differences between groups were analyzed by independent
samples student t tests (MedCalc 11.2 software MariaKerke,
Belgium). Annova and paired t test were used to assess the
level of significance in the follow up group. Correlations
between variables were tested by Pearson or Spearman
correlation tests where appropriate. A p-value <0.05 was
considered to be significant.3. Results
The study population consisted of 59 subjects, including 34
patients of systemic hypertension (36  3 yrs, 24 male) and 25
age and sex matched healthy controls (33  4 yrs, 14 male).
Clinical and echocardiography data of patients with systemic
hypertension and controls are shown in Table 1. No significant
differences were found between the two groups in terms of
age, sex or height. Patients with systemic hypertension
weighed significantly more than the control group (p < 0.001).
There was a significant higher systolic and diastolic blood
pressure in patients with systemic hypertension than the
Table 1 e Clinical and echocardiographic characters
between two groups.
Characteristic Controls Systemic
hypertension
p
(n ¼ 25) (n ¼ 34)
Age (yrs) 33  4 36  3 NS
Men/women (n) 14/11 24/10 NS
Height (cm) 168.2  11 166.7  10 NS
Weight (kg) 63.8  8.6 75.2  12.8 <0.001
Systolic blood
pressure (mmHg)
120  7 164  8 <0.001
Diastolic blood
pressure (mmHg)
78  4 100  8 <0.001
Ao (cm) 2.3  0.1 2.66  0.3 <0.001
LA (cm) 2.6  0.1 3.24  0.3 <0.001
LVDd (cm) 5.0  1.8 4.54  0.6 0.008
LVDs (cm) 27  1 2.66  0.3 NS
LV mass index g/m2 53  8 62  2 NS
Septum wall thickness (cm) 0.8  0.2 1.5  0.2 <0.001
Global ejection fraction % 65  5 67  5 NS
E peak velocity (cm/s) 72  14 84  16 <0.001
A peak velocity (cm/s) 61  13 65  15 NS
e’ (septal) cm/s 11.7  0.8 9.7  2.8 <0.001
A’ (septal), cm/s 11.0  0.3 10.8  2.5 NS
S’ (Septal), cm/s 13.4  0.4 9.3  2.3 <0.001
e’(lateral), cm/s 12.4  0.5 13.2  2.8 NS
A’ (lateral), cm/s 10.8  1.9 11.6  2.9 NS
S’ (lateral), cm/s 14.1  0.5 11.41  2.6 <0.001
Fig. 1 e Showing average of subendocardial longitudinal
strain in two groups. There is significant difference in
longitudinal strain in both groups.
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revealed significant septal wall thickness in hypertensive
patients (p < 0.001). However there was no significant differ-
ence in LV mass in both the groups. There was no significant
difference in the LV global ejection fraction between groups.
In comparisonwith normal controls, peak LSwasmarkedly
attenuated in the subendocardial and subepicardial regions in
patients with systemic hypertension as shown in Table 2 and
Fig. 1. However, circumferential strainwas reduced only in the
subepicardial region. Radial strain in hypertensive patients
was less than controls but it was not statistically significant
(Fig. 2). The subendocardial-to-subepicardial gradient of
circumferential deformation correlated with the radial strains
in both controls and hypertensive patients (R¼ 0.87, p< 0.001).
The comparison of LV mechanics between controls and
systemic hypertension is shown as a graph in Fig. 3.Table 2 e Comparison of left ventricular mechanics
between two groups.
Characteristic Controls
(n ¼ 25)
Systemic
hypertension
(n ¼ 34)
P
Longitudinal strain
Subendocardial (%) 20.2  4.7 13.4  5.8 <0.001
Subepicardial (%) 17.5  4.4 11.3  5.6 <0.001
Circumferential strain
Subendocardial (%) 23.5  8.8 19.0  9.6 0.06
Subepicardial (%) 6.6  2.1 5.1  3.4 0.03
Radial strain (%) 20.3  11.3 17.2  10.3 0.234. Discussion
In hypertensive patients with abnormal diastolic LV filling, LV
systolic function is commonly considered normal if the global
ejection fraction (GEF) and fractional shortening (FS) are
normal.12,13 However, the GEF and FS only reflect the global
cardiac contractile function and do not take regional systolic
abnormalities into consideration. The above results show that
2D speckle tracking is able to detect sub-clinical myocardial
dysfunction in hypertensive patientswith LVHdespite normal
global systolic parameters.
2D speckle tracking echocardiography is a relatively new
technique that can be used in conjunction with two or three-
dimensional echocardiography to detect the multidirectional
components of LV deformation. The tracking system is based
on gray-scale B-mode images and is obtained by automatic
measurement of the distance between two pixels of an LV
segment during the cardiac cycle, independent of the angle of
insonation. The integration of 2D speckle tracking with real-Fig. 2 e Showing average of radial strain in two groups. No
significant difference in radial strain seen in two groups.
Fig. 3 e Graph showing comparison of LV mechanics between control (blue) and systemic hypertension (red).
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limitations of previous work in the field and has the potential
to provide a unified framework to more accurately quantify
the regional and global function of the LV. 2D speckle tracking
holds promise to reduce inter- and intra-observer variability
in assessing regional LV function and improve patient care
while reducing health care costs by early identification of
subclinical disease.14
The longitudinal fiber shortening was less in the LVH
group with normal GEF and FS than the corresponding
segments in the control group, a finding that was consistent
with the results of Poulsen et al.15 The subendocardial
longitudinal-oriented myocardial fibers have shown to be
particularly vulnerable to ischemia leading to a dominant
decrease in shortening in the longitudinal axis.16,17 Manaka
et al found that myocardial systolic impairment in hyper-
tensive LVH may originate at the endocardial side and
significantly move to the epicardium compared with control,
and the impairment may progress with increased LVH, but
this study was limited to the longitudinal direction.18 Our
findings in patients with hypertension and decreased tissue
tracking values in the longitudinal fibers might be explained
by the presence of regional subendocardial myocardial
ischemia and increased perivascular and interstitial fibrosis,
which was previously demonstrated in patients with hyper-
tension.19 It is also possible that the level of end-systolic wall
stress is different between the groups, affecting the sub-
endocardial fiber shortening. Furthermore, the hypertrophic
myocardium itself may impede contraction. These patho-
physiologic changes are likely to lead to decreased longitu-
dinal systolic contraction and might also result in
a heterogeneous segmental diastolic impairment affecting
the global diastolic function. There was no significantdifference in circumferential strain values in both the
groups. Radial strain was reduced, although it was not
significant reduction as compared to controls. Kosmala
et al20 and Imbalazano et al21 have reported reduced radial
strain in hypertensive patients along with reduced longitu-
dinal study. 2D strain has a limitation of through plane
motion, although least in longitudinal direction.
Hypertension and LVH are important risk factors for
developing chronic congestive heart failure and, although
patients with congestive heart failure and a normal LVEF have
a lowermortality risk than thosewith reduced EF, themortality
risk is still significantly increased over control patients.22 The
assessment of LV systolic longitudinal contraction by 2D
speckle tracking gives new insight in myocardial function in
hypertension that might improve pathophysiologic under-
standing and identify patients at high risk who would benefit
from regression of LV hypertrophy following amore aggressive
antihypertensive treatment program. The combination of
depressed longitudinal systolic contraction and abnormal
diastolic LV filling may play a key role in the development of
acute and chronic heart failure in patients with hypertension.
4.1. Study limitations
The present study is a single-center observational study. It is
limited by the relative small sample size. Also torsion and
rotational characteristics have not been discussed.5. Conclusion
Despite reduced longitudinal shortening, LV wall thickening in
patients with systemic hypertension remains unaltered
i n d i a n h e a r t j o u r n a l 6 5 ( 2 0 1 3 ) 4 8e5 252because of relatively preserved circumferential shortening.
Characterizing the disparities in LV principal strains unmasks
presence of subclinical LV dysfunction and provides unique
insights regarding functional adaptations that maintain global
LV ejection fraction in patients with systemic hypertension.Conflicts of interest
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